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A scheme  was  devised  for  determining  the  mechanical  stiffness  of  joints 
subjected  to  large  displacements  The  knee  joint  was  chosen  as  a developmental 
anatomical  structure j-^A  system  for  taking  two  simultaneous  orthogonal  x-ray* 
was  constructed.  ^Marking  grids  w^re  superimposed  upon'the  film  at  the  time  of 
radiographic  exposure,  enabling  the  precise  location  of  the  x-ray  source  to  be 
calculated;  thus  all  recognizable  landmarks  or  markers  on  the  tibia  and  femur 
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could  be  located  In  three-dimensional  space,  ^^ith  successive  bi-plane  x-rays 
taken  at  different  intensities  and  directions  of  loading,  a stiffness  matrix 
could  be  formulated.  A second  phase  utilized  a simple  one-dimensional  load 
cell  which  measured  applied  loads.  Loads  were  recorded  on  an  oscilloscope 
and  strain  gage  amplifiers.  Orientation  of  the  force  in  three-dimensional 
space  could  be  visualized  on  the  bi-plane  films,  enabling  a precise  calcu- 
lation of  the  geometry  of  the  loading  system  to  be  made.  The  first  series 
was  conducted  on  fresh  cadaver  knees.  Loads  were  applied  so  as  to  produce 

a varus  and  valgus  displacement.  Simultaneous  bi-plane  films  were  taken. 

Radiographic  markers  consisting  of  small  load  spheres  were  inserted  into  the  ' 
tibia  and  femur  through  cutaneous  wounds.  The  repeatable  location  of  such 
markers  is  vital  to  the  measuring  technique.  Comparison  must  be  made  between 
the  results  obtained  with  the  precise  red  opaque  markers  and  the  less  precise 
manual  determinations  of  marker  points  .':^Volunteers  were  selected  Tor  the 
same  procedures  except  that  no  marker  system  would  be  utilized,  ii  Successive 
paired  radiographs  were  taken  at  various  positions  of  knee  flexRxp.  Sample 
radiographs  and  reduced  computer  data  forms  were  obtained  and  analyzed. 
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FINAL  REPORT 


The  purpose  of  the  project  was  to  initiate  a scheme  for  determining 
the  mechanical  stiffness  of  joints  subjected  to  large  displacements. 

The  methodology  to  be  developed  would  allow  a stiffness  matrix  relating 
displacements  and  rotations  to  forces  and  moments.  Two  phases  of  the 
study  were  planned.  The  first  phase  would  utilize  cadaver  material  and 
the  second  phase,  human  volunteers. 

In  order  to  measure  displacements,  a process  had  to  be  developed 
whereby  accurate  position  measurements  of  the  femur,  for  example,  must 
be  made  relative  to  the  tibia.  Since  it  was  decided  to  center  attention 
on  the  knee  joint  as  a developmental  anatomical  structure,  all  subsequent 
work  for  the  duration  of  the  project  was  performed  on  knee  joints.  The 
technique  for  displacement  measurement  was  based  upon  an  existing  bi- 
plance  radiographic  viewing  technique  previously  developed  at  Case 
V/estern  Reserve  University.  A system  for  taking  two  simultaneous 
orthogonal  x-rays  had  been  constructed  so  that  the  films  were  held  at 
planes  that  were  perpendicular  to  each  other.  At  the  same  time,  a 
system  of  marking  grids  was  superimposed  upon  the  film  at  the  time  of 
radiographic  exposure.  This  marking  system  enabled  the  precise  location 
of  the  x-ray  source  to  be  calculated  and  with  that  precise  relative 
location  knotvn,  all  recognizable  landmarks  or  markers  on  the  tibia  and 
femur  could  be  located  in  three-dimensional  space.  Thus,  if  successive 
bi-plane  x-rays  were  taken  at  different  intensities  and  directions  of 
loading,  the  stiffness  matrix  could  be  formulated. 

The  second  phase  of  the  system  utilized  a simple  one-dimensional 
load  cell  with  which  the  applied  loads  could  be  measured.  The  final 
design  for  the  operational  system  would  probably  require  at  least  one 
.additional  load  measuring  device,  preferably  a device  to  measure  moment. 
All  loads  were  recorded  on  an  oscilloscope  using  appropriate  strain 
gage  amplifiers.  The  orientation  of  the  force  in  three-dimensional 
space  could  also  be  visualized  on  the  bi-plane  films.  This  enabled  a 

precise  calculation  of  the  geometry  of  the  loading  system  to  be  made. 
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The  first  series  of  experiments  was  conducted  on  cadaver  knees 
obtained  from  patients  who  had  undergone  amputation  because  of  vascular 
insufficiencies.  A special  holding  device  was  manufactured  and  the 
specimens  were  held  within  the  bi-plance  radiographic  frame.  Loads 
were  applied  so  as  to  produce  a varus  and  valgus  displacement  and 
simultaneous  bi-plane  films  were  taken.  Subsequent  to  that,  radiographic 
markers  consisting  of  small  load  spheres  were  inserted  into  the  tibia 
and  femur  through  cutaneous  wounds.  The  process  was  repeated  with 
similar  data  being  obtained.  The  purpose  of  this  duality  of  procedure 
was  to  enable  the  researchers  to  gain  confidence  in  their  ability  to 
repeatedly  locate  anatomical  markers  on  the  tibia  and  femur.  The 
repeatable  location  of  such  markers  is  vital  to  the  measuring  technique 
and  the  comparison  must  be  made  between  the  results  obtained  with  the 
precise  red  opaque  markers  and  the  less  precise  manual  determinations 
of  marker  points.  Volunteers  were  then  selected  to  have  essentially  the 
same  procedures  carried  out  with  the  exception,  of  course,  that  no 
marker  system  would  be  utilized.  Successive  paired  radiographs  were 
then  taken  at  various  positions  of  knee  flexion.  Sample  radiographs 
and  the  reduced  computer  data  forms  are  included  in  the  Appendix. 
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PSI  “ 

0 000 

DEGREES 

0 ooooo 

0.  ooooo 

0.  ooooo 

DT  - 

0 000 

CMETERS 

INTERSEGMENT  SPAT  I Al'  DESCR I PT I On' 
INTERSPACE  RELATIONSHIP  Cl  . C2 

• 

-0.  78881 

0 47614 

•0  38867 

PHI  “ 

64 

546 

DEGREES 

-0  45055 

-0.  01782 

0 89257 

THETA  - 

76 

75« 

DEGREES 

0.  41806 

0 87919 

0 22859 

PSI  - 

66 

446 

DEGREES 

0 13679 

0 04105 

0 98975 

SEP  - 

20 

331 

CMETERS 

BODY  NO  » C! 


•I 


1 


m 

TRANSLATED  POINTS.  (XVT. 

YVT, ZVT) 

m 

0 0^671 
0.  09667 
-2.  39496 

2 00336 
2 00336 

-3.  21009  . , 

-i.  28602 

5.  89493 
..  -4.  19367 

» 

2.  58340 

-0.  53695 

-0.  97763 

m 

EULER  MATRIX 

» 

u 

0 97136 
0.  20429 
-0.  12132 

0 00930 
-0  54290 

.-0.  839/5  . . 

-0.23742 
0.  81457 

-0.  52925 

PHI  = 
THETA  » 
„ PSl  » 

DT  = 

ni  751 
-•■3  o;-5 
73.  725 
51  527 

dec-rfes 

degrees 

degrees 

cmeters 

A 

33.  15260 

32.  05231 

13.  11550 

_ BODY.  NO.  = C2 


TRANSLATED  POINTS,  ( XVT,  WT,  ZVT  ) 


• 

-0.  19020 

3.  66937  

4.  89954  _ 

-0.  19020 

3 66937 

-3.  26313 

e 

-2.  64111 

0 29044 

-2.  34720 

2.  .26074 

-6.  79323 

rO.  56200  _ _ . 

o 

EULER  MATRIX 


• 

-0  90897 

-0  1 1 395 

-0.  40093 

PHI  = 

71.  345 

DEGREES 

' 0 35235  ’ 

-0  72402 

-0  59.300 

theta  = 

45.  696 

DEGREES 

e 

-0.  22275 

-0  68031 

0 69326 

PSI  “ 

-55.  914 

DEGREES 

35.  36431 

31.  21411 

-7.  05666 

DT  - 

47  695 

CMETERS 

NORMAL I ZED  SPAT I AL . DESCR I PT ION 

BODY.  NO.  _^C1 


o 


-0.  78380 

0 47632 

-0.  33347 

PHI  - 

64 

537 

DEGREES 

9 

-0  45046 

-0  01799 

0 89261 

THETA  - 

76 

750 

DEGREES 

0.  41813 

0 87909 

0.  22375 

PSI  - 

453 

DEGREES 

-10.  71821 

-11.  58700 

12.  89390 

DT  - 

20 

331 

CMETERS 

O 

BODY  NO.  » C2 

• 

1 00000 

0 OOOOO 

-0  OOOOO 

PHI  » 

0 

000 

degrees 

• 

0 00000 

1.  OOOOO 

0.  OOOOO 

THETA  « 

0 

000 

DEGREES 

-0.  OOOOO 

0 OOOOO 

1.  OOOOO 

PSI  « 

0 

000 

DEGREES 

0.  OOOOO 

0 OOOOO 

0.  OOOOO 

DT  - 

0 

000 

CMETERS 

• 

INTERSEGMENT 

SPATIAL  DESCRIPTION 

• 

• 

INTERSPACE 

RELATIONSHIP  Cl  . C2 

• 

• 

-0  78880 

0 47632 

-0  33847 

PHI  » 

64 

537 

DEGREES 

-0  45046 

-0.  01799 

0.  89261 

THETA  » 

76 

750 

DEGREES 

0 41818 

0 87909 

0 22875 

PSI  » 

66 

4T.3 

DECREES 

• 

0.  13678 

0.  04115 

0 98975 

SEP  - 

20 

331 

CMETERS 

i 


